ABSTRACT: Milk yield and quality were observed on 93 Angus, Brahman, and reciprocal-cross cows over 3 yr to evaluate the interactions of direct and maternal breed effects and heterosis with forage environment. Forage environments were common bermudagrass (BG), endophyte-infected tall fescue (E+), and a rotational system (ROT) of both forages, in which each forage (BG or E+) was grazed during its appropriate season, usually June through October for BG and November through May for E+. Milk yield was estimated each of 6 mo (April through September) via milking machine and converted to a 24-h basis. Milk fat, milk protein, and somatic cell count were analyzed by a commercial laboratory. Heterosis for milk yield was similar among forages, averaging 2.4 kg (P < 0.01). Expressed as percentages of purebred means, heterosis for milk yield was largest on E+ (52.8%), intermediate on ROT (39.3%), and smallest on BG (23.7%). Direct breed effects for milk yield favored Brahman, and they were similar among forages but tended to be larger for E+ (2.5 kg) and ROT (2.8 kg) than for BG (1.3 kg). Direct breed effects for milk fat favored Brahman and were similar among forages but tended to be larger for E+
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(1.0%) and ROT (1.0%) than for BG (0.6%). Purebred cows exceeded crossbreds in milk protein by 0.1% on ROT (P < 0.10). Crossbred cows had lower somatic cell counts than purebreds on BG (P < 0.05), E+ (P < 0.01), or ROT (P > 0.30). Heterosis for somatic cell counts as percentages of purebred means was similar for BG (−68.3%) and E+ (−68.9%) and less favorable for ROT (−31.6%). Maternal breed effects for somatic cell count favored Angus on ROT (P < 0.10) with a similar nonsignificant trend on BG and E+. Direct breed effects for somatic cell count favored Brahman on ROT (P < 0.10) with similar nonsignificant trends on BG and E+. These results suggested that a rotation of cows from E+ to BG in the summer can partially alleviate negative effects of E+ on milk yield. Conclusions also indicated an advantage to crossbred cows in somatic cell count and provided evidence of both direct and maternal breed effects for this trait. The results also suggested that direct breed effects for milk yield, milk fat, and somatic cell count and heterosis for milk yield and somatic cell count (as percentages of purebred means) tended to vary with forage environment, indicating a potential for genotype × environment interaction for these traits.
shown to account for 40% of the variance in 205-d weights (Robison et al., 1978) . Effects of nutritional environment on milk yield and quality have been well documented, and information in the literature has shown that cows grazing endophyte-infected tall fescue tend to have lower milk yield compared with cows grazing forages where the endophyte is not present or has been diluted (Holloway et al., 1985; Brown et al., 1993 Brown et al., , 1996 . In the Mid-South of the United States, common bermudagrass (BG) and endophyte-infected tall fescue (E+) are the major available warm-season and coolseason forages. Sleper and West (1996) suggested that the removal of cows from E+ during the summer months would help to alleviate problems associated with this forage. However, there is little evidence in the literature to document effects of removal during summer. Moreover, there is some evidence that heterosis, and(or) breed effects are not consistent across production environment (Barlow, 1981; Brown et al., 1996 Brown et al., , 1997 . There is little documentation of interactions of genetic effects with management systems involving year-round management on BG, E+, or a system using both forages during respective periods of active growth. It is of interest to determine if the removal of cows from E+ during the summer months would alleviate effects of E+ on milk yield; in addition, it is of interest to determine effects of forage on the expression of heterosis and direct and maternal breed effects for milk yield and quality. Consequently, the objective of this research was to evaluate milk yield and quality of Angus, Brahman, and reciprocal-cross cows, in which the cows were managed on BG, E+, or a combination of the two forages.
Materials and Methods
Milk yield and quality were estimated in 1995 through 1997 in 93 Angus, Brahman, and reciprocalcross cows born in 1988 through 1991 at Booneville, AR. These cows had previously been used to evaluate the interaction of forage environment with maternal heterosis and grandmaternal effects from 1991 through 1994 (Brown et al., 1997 on ROT (approx. 2.5 cowsؒha −1 on BG in summer and 2.5 cowsؒha −1 on E+ in fall and spring). Pastures were fertilized with a total of 155 kgؒha −1 of N in two applications; early May and mid-July for BG and early March and early October for E+. Other amendments (P and K) were applied consistent with recommendations of the Arkansas Cooperative Extension Service. Dry matter availability was estimated visually with the intent of supplementing with either tall fescue hay for cattle on E+ or bermudagrass hay for cattle on BG when forage DM availability fell below requirements. During the course of this study, DM availability was sufficient and supplemental hay was not fed after April of each year.
Milk yield was estimated each year using a singlecow portable machine. Milk yield was estimated in all years at an average 60, 89, 116, 145, 172, and 200 d postpartum. Dates of estimates were late April to late September. Cows and calves were separated at approximately 1700 on the evening before milking and held for approximately 14 h overnight with hay and water provided. There was no milk-out prior to separation. Ten minutes before milking, cows were sedated with 1.5 mL of acepromazine maleate (10 mg/mL, i.m.); in addition, 1.0 mL of oxytocin (20 USP units/mL) was administered i.m. immediately before milking to induce milk let-down. After a cow was milked out, the milk was weighed and triplicate samples were taken for estimates of milk fat, milk protein, and somatic cell count. Milk fat, milk protein, and somatic cell counts were estimated by a commercial laboratory using a Milkoscan System 4000 (Foss North America, Eden Prairie, MN; AOAC, 1990). Daily milk yield was estimated as the net weight of milk adjusted to a 24-h basis ([milk weight/14] × 24; Brown et al., 1996) . Repeated measures analyses were done using least squares mixed models procedures. The initial linear model included year, sire breed, sire nested in sire breed, dam breed, forage, age, the pooled interaction of sire nested in sire breed with fixed effects, month of lactation and all possible interactions among fixed effects, and a residual of the interactions of sire within sire breed with month effects. Sire in sire breed, the pooled interaction of sire nested in sire breed with fixed effects, and the residual were considered random and other effects in the model were fixed. Heterosis, maternal breed effects, and direct breed effects were estimated as linear constrasts of least square means and tested using t-statistics. Error terms for heterosis, direct breed effects, and maternal breed effects were constructed from combinations of appropriate random effects by the mixed model procedure. Sample sizes (cow-years) for each subclass are given in Table 1 .
Results and Discussion

Daily Milk Yield
Least square means, heterosis, maternal breed effects, and direct breed effects for average milk yield are given in Table 2 . Milk yield of cows on E+ was lower than cows on BG and ROT for Angus × Angus, Angus × Brahman, Brahman × Angus, Brahman × Brahman and averaged over breed group (all P < 0.01). Milk yield of Angus × Angus on ROT was lower (P < 0.01) than Angus × Angus on BG, but milk yield was similar on BG and ROT for Angus × Brahman, Brahman × Angus, and Brahman × Brahman. Rotating cows from E+ to BG increased milk yield (compared with E+) for all breed groups (P < 0.10) but appeared to be most effective for Angus × Angus and Brahman × Angus based on E+ vs ROT in each breed. Heterosis for milk yield was similar for each forage treatment and averaged 2.4 kg (P < 0.01) across forages. However, when heterosis was expressed as a percentage of the purebred mean, heterosis for milk yield was largest on E+, intermediate on ROT, and smallest on BG. Maternal effects for milk yield were not evident on any forage. Direct effects were not significantly different among forage environments and averaged 2.2 kg in favor of the Brahman × Brahman (P < 0.10) across forages. However, there was a numerical trend for direct effects to be larger on ROT and E+ than on BG. Brown et al. (1996) reported higher levels of heterosis for milk yield on BG compared with E+ and direct effects in favor of Brahman × Brahman. Criss (1986) reported an estimate of 1.94 kg for heterosis for 12-h milk yield in crosses of Brahman and Angus. Cundiff et al. (1974) reported 0.22 kg for heterosis in 12-h milk yields of British cows, and Notter et al. (1978) reported 0.4 kg for heterosis in 12-h milk yield of AngusHereford reciprocal crosses. Notter et al. (1978) reported small maternal effects for milk yield in favor of Hereford dams (0.6 kg). Criss (1986) reported higher levels of milk yield in Brahman compared with Angus in Mississippi.
Milk yield by days postpartum for each breed group is given in Table 3 . Divergence between the Angus × Angus and Brahman × Brahman increased as the summer progressed, probably reflecting the heat tolerance of the Brahman × Brahman. There was a trend for persistence to be less in the Angus × Angus, compared with the Brahman × Brahman or reciprocal crosses as evidenced by differences in 200-d milk yields vs 60-d milk yields. Heterosis for 116 d was larger than 89 d (2.0 kg vs 3.0 kg, P < 0.10), due primarily to a larger decline by Angus × Angus between 89 and 116 d of lactation compared with the reciprocal crosses.
Milk Fat
Least square means, heterosis, maternal breed effects, and direct breed effects for average milk fat are given in Table 4 . Averaged over breed, milk fat for cows on ROT was greater than that of cows on BG or E+ (P < 0.05), possibly due to a better sustained plane of nutrition for cows on ROT. There was little evidence of heterosis or maternal breed effects for milk fat, but direct breed effects averaged 0.9% in favor of Brahman × Brahman (P < 0.01). Similar to milk yield there was a numerical trend for direct effects for milk fat to be larger on ROT and E+ than BG. Criss (1986) reported negative and nonsignificant heterosis for milk fat in crosses of Brahman and Angus. Cundiff et al. (1974) reported negative estimates of heterosis for percentage of milk fat in British cows, and Robison et al. (1981) reported small and(or) negative heterosis for this trait in dairy cows. Criss (1986) and Brown et al. (1993) reported higher levels of milk fat for Brahman than Angus.
Milk fat by days postpartum is given in Table 5 . Direct breed effects were not consistent across days postpartum (P < 0.05) and appeared to be cyclic in nature. Direct breed effects at 60 d were larger than at 89 d (P < 0.11); direct breed effects at 89 d were smaller than at 116 d (P < 0.01); direct breed effects at 116 d were larger than at 172 d (P < 0.10); and direct breed effects Table 2 . Least-squares means, heterosis, maternal effects, and standard errors for 24-h milk yield (kg) for cows from bermudagrass, tall fescue, and rotational forage environments .7 ± 0.6** −0.6 ± 1.0 2.8 ± 1.7 ‡ (39.3%) Average 5.6 ± 0.6 9.1 ± 0.6 9.1 ± 0.5 7.8 ± 0.6 2.4 ± 0.4** 0.0 ± 0.7 2.2 ± 1.3 ‡ (36.1%) ‡P < 0.11, **P < 0.01 (H 0 : heterosis, direct effect, or maternal effect = 0). Means in the same column with differing superscripts differ (P < 0.01).
y,z Means in the same column with differing superscripts differ (P < 0.10). 7.9 ± 0.7 6.8 ± 0.7 5.3 ± 0.7 4.5 ± 0.7 5.1 ± 0.6 3.8 ± 0.6 5.6 ± 0.6 AB 10.5 ± 0.7 10.2 ± 0.7 9.6 ± 0.7 8.2 ± 0.6 9.0 ± 0.6 7.2 ± 0.6 9.1 ± 0.6 BA 10.8 ± 0.6 9.6 ± 0.6 10.0 ± 0.6 8.2 ± 0.6 8.8 ± 0.6 7.0 ± 0.5 9.1 ± 0.5 BB 8.8 ± 0.7 8.9 ± 0.6 8.4 ± 0.6 7.6 ± 0.6 7.5 ± 0.6 5.5 ± 0.6 7.8 ± 0.6 Het 1.5 ± 1.4 3.5 ± 1.4* 3.1 ± 1.3* 2.3 ± 1.3 † 1.6 ± 1.2 2.20 ± 1.27 † †P < 0.10, *P < 0.05, **P < 0.01 (H 0 : heterosis, direct effect, or maternal effect = 0). 
Milk Protein
Least square means, heterosis, maternal breed effects, and direct breed effects for average milk protein are given in Table 6 . Milk protein was relatively stable across both breed group and forage with two exceptions; Brahman × Angus on E+ had higher milk protein than contemporaries on BG or ROT (P < 0.05), and Brahman × Brahman on ROT had higher protein than contemporaries on BG (P < 0.05). Reasons for these differences are not evident, nor is the practical significance of these observations. Heterosis for milk protein was negative when on ROT (P < 0.10), but there was little evidence of heterosis when on BG or E+. There was also little evidence of maternal or direct breed effects for this trait. Criss (1986) reported similar milk protein estimates for Brahman and Angus with little evidence of heterosis for this trait. Milk protein was also stable across days Table 6 . Least-squares means, heterosis, maternal effects, and standard errors for milk protein (%) for cows from bermudagrass, tall fescue, and rotational forage environments Means in the same column with differing superscripts differ (P < 0.05).
postpartum (Table 7) , with the only anomaly being a small spike in milk protein in Brahman × Brahman at 116 d of lactation.
Somatic Cell Count
Least square means, heterosis, maternal breed effects, and direct breed effects for somatic cell count are given in Table 8 . Angus on E+ tended to have higher somatic cell counts than Angus × Angus on BG (P < 0.11), but there was little evidence of other forage differences in somatic cell count. There was evidence of favorable heterosis on BG (P < 0.05), E+ (P < 0.01), and averaged over forage (P < 0.01). When heterosis was expressed as a percentage of the purebred mean, it was highest and similar for BG and E+ and lower on ROT. Maternal breed effects on ROT favored Angus × Angus (P < 0.10), and direct breed effects on ROT favored Brahman × Brahman (P < 0.10). There was a trend for direct breed effects on ROT to be larger than E+ and BG. Brown et al. (1996) reported heterosis for somatic Table 7 . Milk protein in Angus, Brahman, and reciprocal cross cows by average days of lactation averaged over forage (%) Means in the same column with differing superscripts differ (P < 0.11). at USDA Natl Agricultural Library on December 17, 2008. jas.fass.org Downloaded from cell count on E+ but not on BG, and Brown et al. (1998) reported favorable heterosis for the presence of mastitis-causing organisms in Brahman-Angus reciprocal crosses. Criss (1986) reported that Brahman and Angus scored similarly but higher than crossbreds for Wisconsin Mastitis scores; this is consistent with our findings from this study.
Average somatic cell counts by days postpartum for each breed group are given in Table 9 . The somatic cell counts for crossbred cows tended to decrease and(or) remained stable, whereas purebred cows had inconsistent trends over time. These patterns resulted in favorable heterosis for somatic cell counts for d 89 (P < 0.05), 116 (P < 0.05), 172 (P < 0.10), and 200 (P < 0.05), whereas maternal and direct breed effects remained relatively stable across time.
Implications
The negative effects of endophyte-infected tall fescue on milk production in beef cows can be partially alleviated by a rotation of cows to a warm-season forage, such as bermudagrass in the summer. Moreover, such a rotation may be helpful in improving milk fat content and thereby increasing energy available to the calves. Direct breed effects from Brahman can be beneficial in milk yield and milk fat, perhaps more when endophyteinfected tall fescue is grazed. Heterosis for milk yield from crossbred cows is apparently more beneficial on endophyte-infected tall fescue than bermudagrass or rotation from bermudagrass to endophyte-infected tall fescue, and heterosis for somatic cell count is apparently more beneficial on bermudagrass and endophyteinfected tall fescue compared with rotation from bermudagrass to endophyte-infected tall fescue.
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